Objective: Walking groups are increasingly being set up but little is known about their efficacy in promoting physical activity. The present study aims to assess the efficacy of interventions to promote walking in groups to promoting physical activity within adults, and to explore potential moderators of this efficacy.
Background
The health benefits of physical activity are well documented [1, 2] . Governmental recommendations suggest that adults and older adults should participate in at least 150 minutes of moderate or vigorous activity per week, in order to promote and maintain health [3, 4] . However, most adults do not currently achieve this [5, 6] . Thus, promoting physical activity as an integral part of lifestyle has become a central aim of public health policy [3, 4] .
Moderate intensity physical activity includes walking, which is a popular, accessible and acceptable form of activity particularly among populations who are the most physically inactive [7] . Walking also does not require special equipment and has low risk of injuries. Further, a meta-analysis of relevant research found that increased walking led to increased fitness, decreased body weight, Body Mass Index, percentage body fat and resting diastolic blood pressure in previously sedentary adults [8] .
Group walking has become an increasingly popular form of promoting physical activity in many countries, especially among sedentary people and people with chronic diseases. For example, Walking for Health (WfH) is an initiative, which has established group walks across England with the aim to encourage more people to be physically active. During 2011 they ran 522 walk schemes across England with more than 57 585 walkers [9] . Likewise, the American Volkssport Association reports more than 300 walking clubs in the United States [10] .
Several systematic literature reviews have described the efficacy of interventions to promote physical activity in different populations [11] . Despite this, no review exists on the efficacy of interventions to promote walking in groups in promoting physical activity. Currently, the best source of evidence on the efficacy of walking interventions is the 2007 systematic review by Ogilvie and colleagues [12] . This review included interventions to promote walking in groups under the umbrella of either group based walking interventions (as led walks) or community interventions (as formation of walking groups). However, in this review there is no distinct category of interventions to promote walking in groups. For example under group based interventions there are not only interventions where the behaviour is implemented in groups [13] but also interventions delivered to groups, as education sessions, but where the walking is not enacted in groups [14] . In the present review we focus solely on interventions to promote walking in groups, which are interventions where participants walk collectively in organised walking groups and thereby provide support relationships for behaviour change.
Given that previous research does not provide clear evidence of the efficacy of walking in groups interventions, the aim of the present study was to systematically appraise the efficacy of these interventions to promote physical activity for adults. Sensitivity analysis explored whether the quality of studies affected estimates of effect size. Secondary aims were to assess whether the efficacy of these interventions varied according to duration of follow-up measurements, participants' gender, participants' age and the person delivering the intervention.
Methods

Eligibility criteria
Randomized Control Trials (RCTs), non Randomized Control Trials (non-RCTs) and pre-post studies were included. Only studies with objective or self-reported measures of physical activity were eligible for inclusion. The outcome was assessed in terms of the frequency, duration or distance of physical activity performed. Studies with adults over 18 years old were included in the review. Only studies reported in English were eligible, due to lack of resources available for translation.
The following types of studies were included: (a) interventions in which people walk collectively in groups. In these studies walking in group might be the only component of the behavior change interventions or might be one component of wider behavior change intervention, (b) interventions where participants walk with or without leaders' physical presence, and (c) interventions where people are allowed to choose a partner to walk with (i.e. group is defined as two people or more).
Studies were excluded for the following reasons: (a) interventions to promote walking in groups where the dependent variable measured was not physical activity behaviour, but the outcomes of the behaviour, such as heart rate, energy loss, exercise intensity, endurance and functional capacity, tolerance, energy loss, balance [15] [16] [17] , (b) interventions which included walking groups as one component of a wider physical activity intervention but measured the total level of physical activity, not only effects of walking in groups [18] [19] [20] , (c) interventions when group walking is taking place in a laboratory using physical activity equipment such as corridors, treadmill or mat walking [21] , (d) interventions when people have a collective goal but walk individually/independently from each other [22] , (e) interventions to promote walking in groups when compared the outcomes of one walking group with another walking group and not with a control group or did not have baseline measures for each of the intervention groups [23, 24] , (f ) studies when participants walk accompanied by the researcher but not with other participants, (g) group based walking interventions when participants did not enact walking behavior collectively [25, 26] , (h) studies where participants exercise in groups or complete specified levels of other type of physical activities in groups in order to provide social support to each other but they do not walk in groups [27] .
Information sources
Studies were identified through searches in the following electronic databases: Academic search complete, PsycINFO, Medline, CINAHL with full text, AMED, SportDiscus and Scopus (from January 1980 to March 2012).
Search
Search terms varied depending upon the database being searched, but in all cases the following terms were used: walking in groups, group walking, led walk, walking club, club walking, group physical activity, group exercise, interventions, pedometer interventions, and program (see Additional file 1).
All potentially relevant articles were screened by abstract and where appropriate articles were retrieved in full text for detailed examination. References from review articles [11, 12, [28] [29] [30] on walking and physical activity interventions were screened for relevant studies. Forward and backward citation searches of included papers were made. Authors of studies that satisfied the inclusion criteria were contacted by email asking for unpublished study data in order to identify grey literature. The first author performed the search and the selection of the studies.
Data extraction process
The first author and a second researcher extracted a the data independently, in a standardized manner using a coding frame (coding frame is provided in Additional file 2). Any discrepancies were resolved by discussion. Good agreement between coders was achieved (between κ = 0.84 and κ = 0.98).
Synthesis of results
The effect size used was the Standardized Mean Difference also known as Cohen's d [31] . When physical activity was measured on more than two occasions, baseline and the last follow up measurement were extracted. Means and pooled standard deviation were used to calculate effect sizes. Data were analyzed using the meta-analysis program of Schwarzer [32] . A random effect model was used. Heterogeneity was assessed using Q coefficients, which assess between-studies variabilities. The Q test is computed by summing the squared deviations of each study's effect estimate from the overall effect estimate, weighting the contribution of each study by its inverse variance [33] . Fail-safe N was calculated to explore the extent to which the "file drawer problem" may have affected study results [34] . The Fail-safe N specifies the number of hypothetical studies showing a zero effect that required to be included in the meta-analysis for the relationship between independent and dependent variables to become statistically non significant.
An assessment of the quality of the included studies was made using the guide by the Cochrane Consumers and Communication Review Group [35] , to explore whether poor quality studies biased the results. Studies, which satisfied a quality criterion were awarded a point "yes". If the criterion was not satisfied or details on the process followed to satisfy the criterion were not provided, then no points were given (more details is provided in Additional file 3). Studies scoring at least 4 points (i.e. "yes" on at least half the criteria) were classified as higher quality and studies scoring 0-3 points as lower quality. Quality criteria and assessment can be found in Table 1 .
Sensitivity analysis and moderator analyses were performed by breaking down the data into two subsets with respect to a theoretically relevant variable. In order to classify as a moderator, the following requirements had to be met: (a) the effect size varies from subset to subset, and (b) the residual variance averages lower in the subsets than for the data as a whole [54] . Pair wise z tests were used to assess whether there was any statistically significant differences in effect size estimates for interventions that:
measure outcomes up to six months post baseline (0-6 months) vs measured outcome over six months after baseline (>6 months). When Yes = satisfied quality criterion, No = do not satisfy quality criteria, Ncl = information provided not clear.
interventions had different measurements at baseline and follow up, only the follow up measurements were used for this analysis. differ on participants' gender. Originally we intended to compare whether there is any difference between women's groups and men's groups but the lack of interventions that targeted only men led us to change the moderator analysis. Instead, all studies were categorised into two groups, those that targeted only women and those that targeted both genders. differ on participants' age. Studies were categorised into two groups, younger adults (≤60 years old) and older adults (>61 years old). were delivered by a lay person or by the research or other professionals.
Results
The systematic electronic search retrieved 2 946 unique papers. Based on examination of these papers, 151 papers describing 115 unique studies were retrieved in full text for detailed examination. Further searches and screening against inclusion criteria concluded in 19 studies (presented in 33 papers), which were included for quality appraisals and analysis in this review (see flow diagram in Figure 1 ). Nine of these 19 studies included were RCTs [13, 36, 37, [39] [40] [41] [51] [52] [53] , six studies were non-RCTs [38, [45] [46] [47] 49, 50] and four had pre-post designs [42] [43] [44] 48] . Seventeen studies were community based [13, [36] [37] [38] 40, [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] and two were hospital-based [39, 41] . From the seventeen communitybased studies, one study was in care retirementcommunity [40] , one was in a centre for older people [53] , one was based in a church [45] , three were neighborhood based [13, 44, 47] and the rest eleven [36] [37] [38] 42, 43, 46, [48] [49] [50] [51] [52] were based in the general community. Based on available data, the overall mean age of participants was 59.8 years (ranged from 44 to 88).
Eleven studies were walking in groups only interventions [13, 36, 37, 42, 44, 47, [49] [50] [51] [52] [53] , four studies involved walking in groups and other types of PA [38, 45, 46, 48] , and four studies contained walking in groups and supportive patient education program on chronic diseases (e.g. self-management) or other lifestyle behaviors [39] [40] [41] 43] . Thirteen studies were conducted in US [13, [36] [37] [38] [39] [40] [43] [44] [45] [46] 48, 49, 51] , one in UK [41] , one in Canada [42] , one in Australia [47] , two in Japan [50, 52] and one in China [53] (more details are given in Table 2 ).
Meta-analysis
A meta-analysis of the included studies indicated that interventions to promote walking in groups are efficacious at increasing physical activity (overall d = 0.52, 95%CI 0.32 to 0.71, N = 4752, k = 19, p < 0.0001). A forest plot showing physical activity effect sizes with 95% CI for each study ordered by quality assessment, is given in Figure 2 . Fail-safe N was large: it would require that there would have to be an additional 753 studies showing a zero effect not included in the present study for the relationship between interventions and physical activity to become statistically non significant [34] .
Sensitivity analysis
Only one study [i.e. 53] of the 19 studies satisfied all of the quality criteria. There were twelve higher quality studies and seven lower quality studies (see Table 1 ). Overall, lower quality studies produced larger effect sizes (d = 0.59, 95%CI 0.28 to 0.91, n = 1610, k = 7, p < 0.0001) than higher quality studies (d = 0.49, 95%CI 0.24 to 0.75, n = 2962, k = 12, p < 0.0001) and that difference was statistical significant (z = 1.55, N = 4572, p = 0.05).
Moderator analyses
The homogeneity of the studies was low (amount of variance explained by sampling error: 23.21%), indicating that other factors were causing substantial variation in effect sizes between studies. A summary of characteristics of included studies with theoretically relevant variables for conducting moderator analyses is provided in Table 2 .
Outcome measures from baseline to six months vs over six months Thirteen studies reported outcomes from baseline to 6 months and six studies reported outcomes over 6 months (see Table 2 ). Studies reporting short-term outcomes had overall smaller effect size (d = 0.45, 95%CI 0.25 to 0.65, n = 2992, k = 13, p < 0.0001) than studies reporting long-term outcomes (d = 0.66, 95%CI 0.22 to 1.10, n = 1580, k = 6, p < 0.001) and that difference was statistically significant (z = 3.32, N = 4572, p = 0.0004).
Only women vs both genders
They were six studies that targeted only women and the remaining thirteen targeted both genders (see Table 2 ). Interventions that targeted only women were found to have smaller effect size (d = 0.18, 95%CI from 0.03 to 0.33, n = 702, k = 6, p < 0.01) than interventions that targeted both genders (d = 0.61, 95%CI from 0.35 to 0.88, n = 3870, k = 13, p < 0.0001) and that difference was statistically significant (z = 5.12, N = 4572, p < 0.0001).
Younger adults vs older adults
They were 12 studies targeted adults up to 60 years and seven studies that targeted older adults (see Table 2 ). Interventions which target adults from 18 to 59 years old had smaller effect sizes (d = 0.48, 95%CI from 0.27 to 0.69, n = 2548, k = 12, p < 0.0001) than interventions that target older adults (d = 0.57 95%CI from 0.17 to 0.98, n = 2024, k = 7, p < 0.005), and that difference was statistically significant (z = 1.55, N = 4752, p = 0.05).
Delivered by lay people vs by professionals
There were eight studies where groups were led by lay people, who had received at least a basic training to become walk leaders. In three studies the researcher delivered an intervention, but did not accompany walkers while group walking. In seven studies groups were led by professionals (e.g. trained staff ), and in one study was not clear who supervised the walking group (see Table 2 
Discussion
Summary of evidence
The meta-analysis of 19 studies with 4 572 participants showed that interventions to promote walking in groups are efficacious at increasing physical activity. The overall effect was of medium size (d = 0.52, p < 0.001) when all eligible studies were examined and slightly lower when only higher quality studies were included (d = 0.49, p < 0.001). Thus, the overall effect size found in this analysis might be an overestimate due to the inclusion of lower quality studies. Despite this, the overall effect size of the twelve higher Lay people = people who received basic training to deliver the intervention, that is not part of their professional role. Professionals = people who have previous education and work on behaviour change interventions as part of their professional. * used as a basis for calculated effect sizes in meta-analysis.
quality studies was still highly statistically significant, which gives us more confidence that this finding is not a spurious finding due to poor quality studies.
Strengths and limitations
A limitation of this systematic review was that several potentially eligible studies were identified, but no effect sizes could be calculated due to missing information. Even though authors of these studies were contacted, the necessary information was not provided by several authors. Thus, the true overall effect of the interventions to promote walking in groups might be slightly different from that estimated by the present study. However, there is every reason to believe that the overall effects would still be positive even if the results of these studies could have been included, as all studies from which we could not yield effect size estimates for this review reported positive changes in physical activity. Further, the large fail-safe N of 753 studies indicates that the finding of this meta-analysis is robust. A related limitation might be that the searching of databases and selection of the studies was performed only by the first author due to resource limitations. This could have introduced bias into the selection of studies. However the large fail-safe N indicates that there would need to have been a substantial systematic bias in the selection of studies for the finding of positive effects of walking groups to be inaccurate.
Only studies reported in English language are reported, which limits the generalizability of the results of this review. Another issue was the limited generalizability of the study population. This was because the majority of the participants were white middle age women. No comparisons based on participants' ethnicity or other possible confounders were performed, due to limited information provided in the primary studies. This limits our ability to draw conclusions about the effects of other characteristics of the study population on the outcome. We should therefore treat this evidence cautiously when translated in practice to different demographic groups.
This review is also limited by the heterogeneity of the studies included. In this review we conducted only a small number of moderator analyses, based on questions derived from the relevant literature. It seems likely that other factors which have not been explored in this review may account for the variance unexplained by these moderators, which future research should aim to identify (e.g. characteristics of participants at baseline, treatment of the control groups, quality of training of walk leaders). It is also worth noting that the moderator analyses reported were based on the entire set of studies, not just those of higher quality, due to the limited number of studies identified. Thus, it was possible that the results of some moderator analyses may have been affected by the moderating variables being associated with other variables responsible for heterogeneity of these studies (e.g. design, measures, etc.). However, the sensitivity analyses indicated that although the association between study quality and study physical activity effect size was significant (p = 0.05), it was not of sufficient size to be responsible for the results of the moderator analyses reported. The outcome of this review might be limited by only five of the 19 studies having an objective measure of physical activity change (i.e. pedometer). However, two of them they were RCTs and all of them reported significant changes in physical activity, suggesting that the quality of outcome measure was not having a large effect on study outcome.
To our knowledge, this is the first systematic review and meta-analysis which has attempted to investigate whether interventions to promote walking in groups are efficacious and what are the characteristics of studies that are associated with being efficacious at promoting physical activity. The present review not only provides good evidence of behaviour change outcomes but also of the characteristics of these interventions that are associated larger changes in behaviour. Based on this, further recommendations on how walking in groups interventions could be more efficacious can be formed.
Implications for policy and practice
Taking into consideration the health benefits of physical activity [8] and the benefits of group interventions to target more people than individually based interventions, it seems worth considering devoting resources to designing and implementing interventions to promote walking in groups.
Interventions that had measures from baseline up to six months had significantly lower effect sizes than interventions that had measures over six months. This finding is not consistent with previous research, which suggests that maintenance of behavioral changes in long-term is challenging [12, 72] . The findings of the present review are therefore promising and support the idea that walking interventions which provide social support relationships for behaviour change may lead to greater maintenance of behaviour change [73] . Recent research using an objective measure of long-term maintenance at walking groups, suggested that participants maintain attendance at walking in groups for a long period of time when they have high self-efficacy and their outcomes expectations have been satisfied by the walking group intervention [74] . Thus future interventions might consider addressing participants' self-efficacy and satisfying their outcome expectations in order to achieve long-term attendance at the behaviour change interventions.
Interventions that targeted both genders produced significantly higher effects on physical activity, compared with interventions that targeted only women. Unfortunately, we have no separate outcomes for men only to allow us comparison between women only and men only groups. Despite this, given the evidence about men's low participation in walking groups [9] , it is encouraging that interventions to promote walking in groups for both genders are more efficacious than interventions that target only women. Future interventions could assess men's preferences for walking groups and tailor the interventions to their needs. This might attract more men at walking groups and promote the health benefits derived from walking groups to both genders.
Interventions that targeted older adults were found to be more efficacious than those that targeted younger adults. Although only seven of the 19 studies of this review targeted older adults they seem to be more efficacious than interventions that targeted younger adults. It has been estimated that more than half of the participants on led walks around UK are 65 and over [9] , thus the results of this review indicates that this population benefits more from walking group interventions in terms of physical activity effects. This is a promising finding taking into account the growing proportion of people aged over 60 years and the challenge of public health to maximize the health and functional capacity of this population.
Interventions delivered by professionals were found not to have significant different effects than interventions delivered by lay people. This finding is in agreement with previous review on self-management interventions [75] , suggesting that lay people when sufficiently trained can produce positive changes on walkers' physical activity. Thus it might be worth training lay people on how to effectively deliver interventions to promote walking in groups.
Unanswered questions
Taking into consideration the deficiencies of primary studies, there is a need for studies of best quality, namely RCTs with objective and long-term measures of behavioral outcomes.
It is important to highlight that the results of this review with meta-analysis present evidence about the efficacy of interventions to promote walking in groups but no clear evidence is being supported about the effectiveness of these interventions outside research studies. More pragmatic research, with more reliable ways of measuring outcome effects in the long-term and more rigorous designs is needed to give an answer to whether and how long-term behaviour change can be achieved in real world. Identifying those intervention components important for short-term and long-term behaviour change would be worth considering. Moreover, future studies should test whether these interventions are costeffective.
Endnote a All data from original search was extracted by two independent researchers, but only first author extracted data from five additional studies added following an update and extended search after revision.
